JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. The morphogenesis and fine structure of the cultured endophyte isolated from root nodules of Comptonia peregrina have been studied, utilizing scanning electron microscopy, transmission electron microscopy, and Nomarski interference microscopy; comparisons were made with the endophyte in vivo. The actinomycetous nature of the endophyte was confirmed. Prokaryotic, branched septate hyphae, less than 1 um in diameter are the predominant growth form. Some hyphae increase in diameter (ca. 1-1.5,um) and undergo morphogenesis, forming club-shaped sporangia in vitro. The sporangia produced numerous sporangiospores which are presumed to be the propagative state of the microorganism. Sporangia were formed by the growth of longitudinally and transversely oriented septa which compartmentalize the wider hyphae. Sporangia were not observed in vivo in Comptonia. Club-shaped septate vesicles formed in vivo but not in vitro. The mature spores contained electron-dense inclusions resembling eukaryotic nucleoli, numerous vesicular structures nucleoid regions, and a thick multilayered wall. The microorganism in vitro lacked a capsule which the organism possessed in vivo, providing further evidence for the role of the host in the deposition of this encapsulating wall material. In this study transmission electron microscopy (TEM), scanning electron microscopy (SEM), and light microscopy utilizing Nomarski interference optics were correlated to provide a more detailed account of the structure and morphogenesis of the filamentous soil bacterium which initiated the actinomycete-Comptonia symbiosis.
Introduction
The isolation and culture on a relatively simple medium of the actinomycete from root nodules of Comptonia peregrina have been reported (CALLAHAM, DEL TREDICI, and TORREY 1978). Inoculation of seedling roots of Comptonia resulted in the formation within 8 days of numerous nodules which possessed normal morphology and were capable of reducing acetylene, signifying symbiotic nitrogen-fixing capacity. The same microorganism u as then reisolated from these seedling nodules; thus, the requirements of Koch's postulates were fulfilled, establishing this microorganism as the causal agent of root nodules in Comptonia. The cultured actinomycete grows mainly as a hyphal form which undergoes morphogenesis to form large (10 ,um X 30-50 ,um) clubshaped sporangia containing many sporangiospores. The sporangia have not been observed in vivo within Comptonia nodules (NEWCOMB et al. 1978) , possiblsbecause young nodules were preferentially studied, since they showed better preservation with our present microtechnical procedures. Structures resembling sporangia have been observed in the older regions of the nodules of Alnus glutinosa (VAN DIJK and MERKUS 1976) and have been observed by us in sectioned nodules of Myrica gale.
In this study transmission electron microscopy (TEM), scanning electron microscopy (SEM), and light microscopy utilizing Nomarski interference optics were correlated to provide a more detailed account of the structure and morphogenesis of the filamentous soil bacterium which initiated the actinomycete-Comptonia symbiosis. be dumbbell shaped ( fig. 4), elongated (fig. 5) fig. 25 ). Often droplets of moderate electron density are associated with these outer wall layers which appear eventually to be sloughed off the surface of the microorganism ( fig. 25 ). A few hyphae do not have these outer layers and droplets. Both fine and wide fibrils are present in the nucleoid regions of the narrow hyphae; usually the fine fibrils radiate out from the centrally located wider fibrils (figs. 25-27). Since these wide fibrils are much larger than those normally observed in the nucleoid areas of prokaryotes, the possibility that they are a fixation artifact must be considered. ...................................................... . 34, 35) . Initially the growing septa are thick, but as they transect the middle region of the developing sporangium, they become thinner ( fig. 35 ). Cytologically these sporangia appear similar to the earlier nonseptate stages.
Often the sporangia containing immature spores are 30-60 ,um long, making it difEcult or impossible to obtain an ultrathin section through both the sporangium and the attached hyphae. As a result the hyphal connection and the complete length of the sporangium were usually missing from these sections. However, in the hyphal connections examined, the hyphae resembled other narrow hyphae except in containing more septa than hzphae not associated with sporangia ( fig.36 ). There are several patterns of sporangiospore maturation and release ( figs. 4-10, 17, 18) . Ultrathin sections showed that in most hyphae, the most mature spores are located in the distal portion of the sporangium. However, in many sporangia which were apparently sectioned obliquely, it was not possible to establish this relationship. Within the sporangium the immature spores are closely adpressed to one another in a compact arrangement, and as a result, many of the walls of immature spores are straight. With subsequent growth the developing spores become more separated until the mature spores are loosely arranged in a matrix of low electron density and have a spherical or elliptical shape ( figs. 36-38) .
The matrix or extracellular material of sporangia is most prevalent near the more mature spores but also may occur between groups of immature spores ( fig.38) . In addition to the matrix material, spherical bodies, probably lipid droplets, and electron-dense material are present. There is an outer boundary to the sporangium (figs. 35-38). Usually this boundary layer is thicker near the immature spores and becomes progressively thinner toward the mature spores. Presumably this layer is wall material derived from the original narrow hyphal wall which is uniformly thick (fig. 25) ; no plasma membrane is associated with the outer boundary of the sporangium ( fig. 38) _. a 5 . ...................................... Fig. 39a , Maturing spore containing a large electron-dense region, vesicular structures (VS) with reticulate contents, a nucleoid region (N), numerous ribosomes in the cytoplasm, a plasma membrane (single large arrows), and a thin cell wall (single small arrows); note electron-dense layers (double large arrows) of adjacent spore (cf. fig.  25 ); X 56,300. Fig. 39b, Higher magnification of a portion of the spore in fig. 39a . The electron-dense region is comprised of particulates and fibrillar materials and is not membrane bound as are the vesicular structures; X 119,630. Fig. 40 , Mature spore contains many electron-dense droplets (small arrows), vesicular structures (VS) with reticulate contonts, and a thick two-layered cell wall; outer electron-dense wall layers (large arrows) are similar to those in fig. 25; (TORREY 1978) . It is possible that the failure to observe sporangia of Comptonia endophyte in vivo is related to our preferential examination of young nodules because older nodules were difficult to preserve and section.
In vivo the actinomycete is surrounded by the capsule, a layer of wall material probably pectinaceous (LALONDE and KNOWLES 1975), deposited most likely by the host cell because a large proliferation of rough endoplasmic\ reticulum containing a fibrillar matrix is associated with the early growth of the endophyte in newly infected cells (NEWCOMB et al. 1978) . In vitro the actinomycete lacks a capsule; this provides further evidence that the synthetic activities of the host are the source of this material.
The formation of the sporangia in the cultured endophyte of Comptonia, as described here, and in vivo with A. glutinosa nodules (VAN DIJK and MERKUS 1976) is very similar. In both situations wide hyphae are compartmentalized bv the formation of septa. The fine structure of the sporangium differs in some details. The electron-dense structures observed in the Comptonia endophyte in vitro have no counterpart in vivo in the A. glutinosa actinomycete. These dense structures have a fibrillar and particulate substructure remarkably similar to the fine structure of eukaryotic nucleoli; it is not suggested, however, that these structures in the actinomycete serve any similar function or even that they contain ribonucleoproteins. The biochemical nature of the dense bodies in the endophyte in vitro is unknown. VAN With a precise knowledge of the morphogenesis and structure of the Comptonia endophyte both in vivo and in vitro, it should now be possible to examine nodules of other genera ancl to develop a better understanding of infection and host-actinomycete interactions leading to nodule development. Such information may be useful in attempts to extend this symbiosis to other genera and species which at present do not bear nitrogen-fixing root nodules.
